
 

 

 

 

 

 

 

 

 

 

 

Abstarct: Major seismic events during the past decade such as those that have occurred in Northridge, Imperial 

Valley (May 18,1940),California (1994) Kobe, Japan (1995), Turkey    ( 1999 ),Taiwan (1999) and Bhuj, Central 

western India (2001) have continued to demonstrate the destructive, Power of earthquakes, with destruction of 

engineered buildings, bridges industrial and port facilities as well as giving rise to great economic losses. Among 

the possible structural damages. Seismic Induced pounding has been commonly observed in several earthquake. 

As a result, a parametric study on buildings pounding response as well as proper seismic hazard mitigation 

practice for adjacent building is carried out. Therefore, the needs to improve seismic performance of the built 

environment through the development of performance oriented procedures have been developed. To estimate the 

seismic demands, nonlinearities in the structure are to be considered when the structures enters into inelastic 

range during devastating earthquake. Despite the  increase  in the accuracy and efficiency of  the computational 

tools related to dynamic inelastic analysis, engineers, tend to adopt  simplified non-linear dynamic analysis when 

evaluating seismic demands. This is due to problems related to its complexities  and suitability for practical 

design applications. The time history analysis is a nonlinear procedure that can be used to estimate dynamic 

Needs imposed on a structure by earthquake ground motions.  This project entitled”, design and analysis of the 

symmetrical building with  considering dynamic pounding effect  in residential apartments "aims at studying 

seismic gap between adjacent buildings by dynamic analysis in etabs. 
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The effect of impact is studied using linear and non linear contact force on models for different separation 

distances and compared with normal model without pounding consideration. Pounding produces acceleration 

and shear at various story levels that are greater than those obtained from The no pounding case, while the peak 

drift depends on the input excitation characteristics. Also increasing gap width is likely to be effective when the 

separation is sufficiently wide practically to eliminate contact. If buildings separations in metropolitan areas 

four, to be deficient to prevent poundings, than there should be some cost-effective retrofitting methods to 

mitigate structural Use of shear wall, bracing system friction dampers are  possible mitigation techniques. 

The project briefly describes the seismic pounding effect on the same two  symmetrical apartment buildings 

(G+15 )  with the gaps of 20 mm and 25 mm was considered for designed and analyzed for the dynamic and 

lateral loadings on the  structure with the commercial software like ETABS was used in this thesis and 

comparing the  results with storey drifts , storey shear , storey moments, and storey over turning moments are 

compared .         

KEY WORDS :  ETABS, Seismic pounding effect, storey moments, storey shear , storey overturning moments , 

etc,. 

I.INTRODUCTION 

Adjacent buildings with insufficient separation, having different dynamic characteristics may vibrate out of phase 

during earthquakes causing pounding between them. The pounding of structures may lead to severe damage and 

even result in complete collapse. Seismic pounding damage was found to be significant between adjacent buildings 

during the 1985 Mexico, 1994 Northridge, 1995 Kobe, 1999 Kocaeli and 2008 Sichuan earthquakes. The 

concentrated local damage and increased floor accelerations in buildings are some of the major consequences of 

seismic pounding. 

The seismic pounding of structures is studied through numerical simulations, focusing on multi-story reinforced 

concrete (RC) buildings. The buildings are designed according to ACI-318-08. Three dimensional frame models of 

buildings are used where RC members are modeled as force-based elements with fiber-based section discretization. 

Material as well as geometric nonlinearities are considered . Nonlinear transient analysis is carried out for different 

earthquake records, configurations of buildings and gap sizes. The response of buildings is compared in terms of 

damage, pounding scenarios, impact forces, shear amplification factors and inter-story drift demands. For example, 

number of pounding instances can be observed from the horizontal displacement time history at a typical impact 

level between adjacent buildings. Future directions in the study include further development of contact-element 

models to capture the pounding phenomenon with greater accuracy, pounding analysis of base isolated tall buildings 

and non-structural loss estimation in the buildings. 
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Seismic Pounding Effect between Buildings 

Pounding is one of the main causes of severe building damages in earthquake. The non-structural damage involves 

pounding or movement across separation A separation joint is the distance between two different building structures 

– often . two wings of the same facility– that allows the structures to move independently of one another. 

A seismic gap is a separation joint provided to accommodate relative lateral movement during an earthquake. In 

order to provide functional continuity between separate wings, building utilities must often extend across these 

building separations, and architectural finishes must be detailed to terminate on either side. The separation joint may 

be only an inch or two in older constructions or as much as a foot in some newer buildings, depending on the 

expected horizontal movement, or seismic drift. Flashing, piping, fire sprinkler lines, HVAC ducts, partitions, and 

flooring all have to be detailed to accommodate the seismic movement expected at these locations when the two 

structures move closer together or further apart. Damage to items crossing seismic gaps is a common type of 

earthquake damage. If the size of the gap is insufficient, pounding between adjacent buildings may result in damage 

to structural components the buildings. 

Required Seismic Separation Distance to Avoid Pounding 

Bureau of Indian Standards clearly gives in its code IS 4326 that a Separation distance is to be provided between 

buildings to avoid collision during an earthquake. The code is mentions in following Table 1 

 

 

Investigations of past and recent earthquake damage have illustrated that the building structures are vulnerable to 

severe damage and/or collapse during moderate to strong ground motion. An earthquake with a magnitude of six is 

capable of causing severe damages of engineered buildings, bridges, industrial and port facilities as well as giving 

rise to great economic losses. 
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Several destructive earthquakes have hit Egypt in both historical and recent times from distant and near earthquakes. 

The annual energy release in Egypt and its vicinity is equivalent to an earthquake with magnitude varying from 5.5 

to 7.3. Pounding between closely spaced building structures can be a serious hazard in seismically active areas. 

Investigations of past and recent earthquakes damage have illustrated several instances of pounding damage in both 

building and bridge structures. Pounding damage was observed during the 1985 Mexico earthquake, the 1988 

Sequenay earthquake in Canada, the 1992 Cairo earthquake, the 1994 Northridge earthquake, the 1995 Kobe 

earthquake and 1999 Kocaeli earthquake. Significant pounding was observed at sites over 90 km from the epicenter 

thus indicating the possible catastrophic damage that may occur during future earthquakes having closer epicenters. 

Pounding of adjacent buildings could have worse damage as adjacent buildings with different dynamic 

characteristics which vibrate out of phase and there is insufficient separation distance or energy dissipation system 

to accommodate the relative motions of adjacent buildings. Past seismic codes did not give definite guidelines to 

preclude pounding, because of this and due to economic considerations including maximum land usage 

requirements, especially in the high density populated areas of cities, there are many buildings worldwide which are 

already built in contact or extremely close to another that could suffer pounding damage in future earthquakes. A 

large separation is controversial from both technical (difficulty in using expansion joint) and economical loss of land 

usage) views. The highly congested building system in many metropolitan cities constitutes a major concern for 

seismic pounding damage.For these reasons, it has been widely accepted that pounding is an undesirable 

phenomenon that should be prevented or mitigated zones in connection with the corresponding design ground 

acceleration values will lead in many cases to earthquake actions which are remarkably higher than defined by the 

design codes used up to now. The most simplest and effective way for pounding mitigation and reducing damage 

due to pounding is to provide enough separation but it is sometimes difficult to be implemented due to detailing 

problem and high cost of land. An alternative to the seismic separation gap provision in the structure design is to 

minimize the effect of pounding through decreasing lateral motion which can be achieved by joining adjacent 

structures at critical locations so that their motion could be in-phase with one another or by increasing the pounding 

buildings damping capacity by means of passive structural control of energy dissipation system or by seismic 

retrofitting. 

Seismic Pounding Effect between Buildings 

Pounding is one of the main causes of severe building damages in earthquake. The non-structural damage involves 

pounding or movement across separation joints between adjacent structures. Seismic pounding between two 

adjacent buildings occur  

 during an earthquake  

 different dynamic characteristics 

 adjacent buildings vibrate out of phase  

 at-rest separation is insufficient 
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Seismic Pounding between Adjacent Buildings 

Response Spectrum Analysis 

The response spectrum technique is really a simplified special case of modal analysis. The modes of vibration are 

determined in period and shape in the usual way and the maximum response magnitudes corresponding to each 

mode are found by reference to a response spectrum. The response spectrum method has the great virtues of speed 

and cheapness. The basic mode superposition method, which is restricted to linearly elastic analysis, produces the 

complete time history response of joint displacements and member forces due to a specific ground motion loading  

There are two major disadvantages of using this approach. First, the method produces a large amount of output 

information that can require an enormous amount of computational effort to conduct all possible design checks as a 

function of time. Second, the analysis must be repeated for several different earthquake motions in order to assure 

that all the significant modes are excited, since a response spectrum for one earthquake, in a specified direction, is 

not a smooth function. 

There are significant computational advantages in using the response spectra method of seismic analysis for 

prediction of displacements and member forces in structural systems. The method involves the calculation of only 

the maximum values of the displacements and member forces in each mode using smooth design spectra that are the 

average of several earthquake motions. In this analysis, the CQC method to combine these maximum modal 

response values to obtain the most probable peak value of displacement or force is used. In addition, it will be 

shown that the SRSS and CQC3 methods of combining results from orthogonal earthquake motions will allow one 

dynamic analysis to produce design forces for all members of the structure. 

OBJECTIVE OF THE STUDY 

 Identify the structural response of adjacent buildings with different layouts 

 To conduct the response spectrum analysis of the structure with different gap widths with the adjacent 

structure. 

 To find the storey displacement, and  building torsion etc to be studied and compared with the models  
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  To compare the seismic effect of the buildings with gaps of 20 mm and 25 mm with rectangle shaped 

buildings are compared . 

II.LITERATURE REVIEW 

Viviane Warnotte summarized basic concepts on which the seismic pounding effect occurs between adjacent 

buildings. He identified the conditions under which the seismic pounding will occur between buildings and adequate 

information and, perhaps more importantly, pounding situation analyzed. From his research it was found that an 

elastic model cannot predict correctly the behaviors of the structure due to seismic pounding. Therefore non-elastic 

analysis is to be done to predict the required seismic gap between buildings. 

Robert Jankowski addressed the fundamental questions concerning the application of the nonlinear analysis and its 

feasibility and limitations in predicting seismic pounding gap between buildings. In his analysis, elastoplastic multi-

degree-offreedom lumped mass models are used to simulate the structural behavior and non-linear viscoelastic 

impact elements are applied to model collisions. The results of the study prove that pounding may have considerable 

influence on behavior of the structures. 

Shehata E. Abdel Raheem developed and implemented a tool for the inelastic analysis of seismic pounding effect 

between buildings. They carried out a parametric study on buildings pounding response as well as proper seismic 

hazard mitigation practice for adjacent buildings. Three categories of recorded earthquake excitation were used for 

input. He studied the effect of impact using linear and nonlinear contact force model for different separation 

distances and compared with nominal model without pounding consideration. 

III.STRUCTUTRAL DETAILS 

Structural Members 

 

Material properties 
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Details of Buildings 
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IV.RESULTS 

EQUVILAENT STATIC ANALYSIS 

   

LATERAL FORCES (P) 

        

3  SHEAR FORCE IN X DIRECION 
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SHEAR FORCE IN Y DIRECION 

                 

BUILDING TORSION 

              

BUILDING MOMENT IN X DIRECTION 
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BUILDING MOMENT IN Y DIRECTION 

       

 TIME HISTORY RESULTS 

STOREY DRIFT 

      

SHEAR FORCE IN X DIRECTION 
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  SHEAR FORCE IN Y DIRECTION 

         

BUILDING TORSION 

            

BUILDING MOMENT IN X DIRECTION 
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BUILDING MOMENT IN Y DIRECTION 

          

V.CONCLUSIONS 

 Pounding of the structures produce impact loads which are superimpose on those caused by the ground 

acceleration. When the impact loads from pounding of the structures are too high, the structural system has 

to be modified to reduce the response. 

 While designing the buildings pounding must be checked to avoid the damages 

 If the buildings are in planning stage the easiest way to avoid pounding is to provide the safe separation 

distance between buildings as given by code 

 Safe separation distance according to FEMA –273 is 20 mm for the case understudy which is greater than 

the maximum out of phase movement between buildings. It means that FEMA-273 give the conservative 

results 

 For retrofitting of existing buildings three efficient and cost effective mitigation measures are assessed to 

avoid pounding induced collapse of buildings. Use of shear wall, bracing system and friction dampers are 

proposed as possible mitigation techniques. All the three mitigation strategies are proved to be effective to 

avoid the damage in the buildings because of the pounding effects. 

 In this study, it is concluded that constructing adjacent buildings with equal floor heights and separation 

distances reduces the effects of pounding considerably. 

 The duration of strong motion increases with an increase of magnitude of ground motion 

 The separation distance between the two structures decreases, the amount of impact is increases, which is 

not applicable in all cases. It is only applicable when the impact time is same. It may also decreases when 

separation distance decreases, which leads to less impact time. 

  by all above results it is concluded that the building with 25 mm gap was having less drift values ( total 

displacement ) so the effect of the buildings is best when minimum space should be 25 mm  in order to 

reduce the seismic pounding effect in the buildings . 
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